Bulk chromosomal deoxyribonucleic acids (DNAs) of Mycobacterium smegmatis strains 607+ (wild type) and 607-1 (Strr) and orange-red pigmented variants (OR) were separated into two distinct bands (types 1 and 2) by cesium chloride density gradient centrifugation. Thermal denaturation analyses showed that type 1 and 2 DNA fragments of these strains possessed guanine plus cytosine contents averaging 69.2% and 60.8%, respectively. Type 1 and 2 DNAs from all strains tested were recovered in relatively equal quantities upon isolation and were found to have similar molecular weights (3.0 x 107). Spectrophotometric assay of DNA reassociation showed that homology between any type 1 and 2 DNA fragments was always very low (29 to 33%), even within the same strain. Homologies among type 1 DNAs isolated from any strain were always high (92 to 98%), whereas homologies between type 2 DNA isolated from OR strains and that from their parental strain 607-1 were lower (51 to 55%). Transformation experiments revealed that methionine, leucine, folic acid, and streptomycin markers were found exclusively in type 1 DNA fragments. In addition to the two types of chromosomal DNA, plasmid DNA possessing a molecular weight of about 4 x 106 was found in strain 607-1.
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Little information is presently available concerning the characteristics of DNA molecules contained in mycobacteria. Past reports have dealt primarily with determinations of guanine plus cytosine (G+C) composition (2, 13) and estimation of genome size (1), using bulk DNAs extracted from various mycobacteria.
Our previous experiments with Mycobacterium smegmatis showed that the frequency of transformation was significantly lower than that of other bacterial systems (11) . This result led us to analyze the genetic components of donor and recipient strains more closely. The present paper describes the isolation and characterization of two types of DNA extracted from strains of M. smegmatis. The biological functions of these DNAs were also investigated by transformation procedures.
MATERLALS AND METHODS
Strains and growth conditions. Strains 607+
(wild type), 607-1 (Strr), OR4 (Met-Strs) OR4-1 (MetLeu-Str'), and ORuv (Met-Str') of Mycobacterium smegmatis have been described previously (11 cardomycolic acid (C51), inability to grow at 43°C, susceptibility to a nocardiophage but not to mycobacteriophages, and to produce orange-red pigments. Strain OR4-2 (Met-Leu-Fol-Stre), which is a derivative of 0R4-1, and the transformant (Met-Strr) of strain ORuv were also used. These mycobacterial strains were cloned on selective media by at least 10 successive single-colony transfers; strain 607+ was cloned on minimal salts agar, and 607-1 was cloned on minimal salts agar with streptomycin (100 Ag/ml). After centrifugation, 3-drop (0.015-ml) fractions were collected in tubes or scintillation vials by piercing the bottom of the centrifuge tube; these were assayed for DNA by optical density measurements at 260 nm, scintillation counting of [3H]DNA (11) , or fluorometry (9).
Attempts to isolate plasmid DNA. Cesium chloride-ethidium bromide buoyant density gradient centrifugation was performed on crude lysates (7), cleared lysates prepared according to the method of Guerry et al. (4), or purified bulk DNA (11) after cells had been treated with uridine and chloramphenicol for plasmid amplification (10) . Ethidium bromide (Sigma) was added to the CsCl solution at a final concentration of 500 ,ug/ml. To detect the presence of plasmids, cleared lysates and purified bulk DNAs were also subjected to agarose gel electrophoresis (0.7% Sigma agarose, type II, in 0.04 M Tris base-0.02 M acetic acid-0.002 M EDTA at 7 V/cm for 5 h) using a horizontal slab gel apparatus.
Determination of DNA molecular weight. Sucrose gradient velocity centrifugation (11), electron microscopy (11), and agarose gel electrophoresis were used to determine the molecular weights of various DNAs.
G+C content of DNA. The G+C content of various DNAs was determined by thermal denaturation. DNA stock solutions were diluted in SSC/10 (lx SSC: 0.15 M NaCl-0.015 M sodium citrate, pH 7.0) buffer to a final concentration of approximately 50 ug/ml. Thermal denaturation was carried out at a heat rate of 1°C/min, and hyperchromicity was monitored at 260 nm in a Gilford model 2527 thermal cuvette system. A melting temperature (Tm) was determined for each DNA sample, and respective G+C contents were calculated by the method of Mandel et al. (9) . The G+C content thus estimated was further confirmed by the value obtained by CsCl density gradient centrifugation (12).
DNA-DNA hybridization. The degree of reassociation between selected DNA preparations was determined by a modification of the spectrophotometric methods of De Ley et al. (3) and Bradley (1 Transformation procedure. Transformation experiments were carried out using the recipient strains OR4, OR4-1, OR4-2, and ORuv and the donor strain 607-1, as described previously (11) .
RESULTS
Physical characteristics of chromosomal fragments. Crude lysates containing [3H]thymidine-labeled DNA from strains 607+ and 607-1 yielded two peaks with similar quantities of radioactivity after CsCl density gradient centrifugation (Fig. 1) . Fluorometric assay using diaminobenzoic acid also showed two distinct, closely positioned DNA peaks with similar quantities (data not shown). In control experiments, DNA in lysates of [3H]thymidine-labeled E. coli K-12 showed only one sharp DNA peak upon application of our present procedure (data not shown). Thus, the two-peak banding pattern did not result from artifacts during fraction collection. When larger fractions (0.06 ml) were collected from CsCl gradients, these two peaks were no longer observed but appeared as one broad band.
The two types of DNA fragments were also observed in strains OR4, OR4-1, and ORuv and the transformant (Met' Strr) (data not shown). to those observed with the use of bulk donor DNAs. Transfer of the folic acid marker using recipient strain 0R4-2 was accomplished only by type 1 DNA fragments (data not shown).
Plasmid DNA. Neutral and alkaline sucrose density gradient centrifugation, as well as cesium chloride-ethidium bromide buoyant density gradient centrifugation, applied to crude lysates, cleared lysates, and purified bulk DNA preparations from various strains failed to demonstrate the presence of plasmid DNA even after plasmid amplification (10) . Moreover, agarose gel electrophoresis applied to bulk DNA and cleared lysate preparations did not provide any evidence for the presence of plasmids. However, small open circular forms of DNA were observed during electron microscopic molecular weight determinations of transforming donor DNA from strain 607-1 (Fig. 2) . The size of these circular DNA molecules was about 4 x 106 daltons as determined by direct electron micrographic measurement. We were unable to find these structures in bulk DNA preparations from OR strains.
DISCUSSION
In the present study, bulk DNAs of purified clones of M. smegmatis strains were separated by CsCl density gradient centrifugation into approximately equal quantities of two types of large molecule possessing similar molecular weights. Thermal denaturation analyses further confirmed the physical difference between type 1 and type 2 DNA fragments, as represented by their melting temperature.
The heterologous nature of types 1 The presence of these two types of DNA in the bulk DNA preparation may explain the low frequency of transformation obtained in our previous experiments (11) . Specifically, about onehalf of the DNA from bulk donor DNA preparations apparently plays no role in the transfer of the methionine, leucine, folic acid, and streptomycin markers, which are located only in type 1 DNA. In fact, the use of a purified type 1 donor DNA preparation increased the transformation frequency for these markers twofold over that of bulk DNA or a mixture of equal quantities of type 1 and 2 DNA fragments. Based on these results, it is reasonable to believe that during DNA uptake, type 2 DNA can compete for similar DNA receptor sites with type 1 DNA, which carries the genetic marker thus far tested.
It is possible that one of these two types of DNA, notably type 2, may be derived from a coexisting organism in strains used. However, our method for single-colony transfers on selective media facilitates the detection of possible coexisting organisms during the purification procedure. Furthermore, the low homology between type 2 DNA of OR mutants and that of the parental strain rules out the presence of a single contaminating organism in all strains used. Therefore, these two types of DNA are most likely contained in cells of a single population of each strain examined. x 109 daltons (unpublished data), which is almost two-thirds of that of the wild type. Further studies on the mechanism of OR mutation are in progress.
In addition to type 1 and 2 fragments of chromosomal DNA, open circular DNA molecules with a molecular weight of about 4 x 106 were occasionally found by electron microscopy of bulk DNA preparations of strain 607-1. The failure to purify these DNAs may be attributed to cosedimentation with chromosomal DNA (14) , a high affinity to chromosomal DNA (8), or unusually small quantities which have not been amplified by the method employed. Consequently, the biological role of the open circular DNA found in M. smegmatis remains to be clarified.
